Abstract This study aims is to investigate the influence of different concentrations of Kappaphycus alvarezii (K. alvarezii) for the synthesis of Cu@Cu 2 O core-shell nanoparticles (NPs) in aqueous solution. The core-shell NPs were prepared by a chemical reduction method using K. alvarezii, CuSO 4 Á5H 2 O, NaOH, ascorbic acid, hydrazinium hydroxide, as stabilizer, copper precursor, pH moderator, antioxidant and reducing agent under 120°C temperature, respectively. Formation of Cu@Cu 2 O-NPs was determined by UV-Vis spectroscopy where surface plasmon absorption maxima can be observed at 390-590 nm. The synthesized core-shell NPs were also characterized by X-ray diffraction. Moreover, the morphology and structure of the K. alvarezii/Cu@Cu 2 O-NPs were investigated by TEM, FESEM and EDXRF. The Fourier transform infrared spectrum suggested the complexation present between K. alvarezii and Cu@Cu 2 O-NPs. The study clearly showed that using various amounts of K. alvarezii leads to produce different ratios and sizes of Cu@Cu 2 O NPs. The size of the Cu@Cu 2 O-NPs decreased as the amount of K. alvarezii was increased. The ratio of Cu@Cu 2 O increases with the increasing concentration of K. alvarezii until 0.2 wt%.
Introduction
Nanotechnology is an interesting branch of science offering materials exhibiting structural features between those of atoms and bulk materials with at least one dimension in the nano-range [1] . Nanoparticles (NPs) are important materials for fundamental studies and diverse technical applications, because of their sizedependent properties and their highly active performance because of large surface areas [2, 3] . There are many types of NPs for various applications, such as metallic, non-metallic, oxide NPs [4] [5] [6] [7] [8] [9] . Among these materials, metallic NPs have attracted a great deal of interest due to their desirable chemical and physical properties, such as catalytic activity, novel electronic, optical, and magnetic properties and new applications compared with bulk ones [10] [11] [12] [13] [14] [15] [16] . Copper (metallic and oxide) particles have captured even more attention due to their low cost compared to the gold and silver particles and tuneable catalytic, optical and electrical applications [17, 18] .
The core-shell metal-semiconductor NPs have attracted much interest because of their potential application in many areas [19] . Among various core-shell structures, the ones with metal core and metal oxide shell are of particular interest [20] [21] [22] . One particular example is the Cu-core and its oxide-shell structures. Copper oxide (CuO and Cu 2 O) compounds are interesting materials because of their application as catalysts, antibacterials, interconnects in electronics, corrosion of alloys, etc. The surfaces of copper oxide can react with gases or solutions and can behave as a catalyst or a gas sensor. However, many surface properties of copper oxides are not well understood [23] . The identification of the actual oxidation state of copper in the core-shell system is critical to understand their chemical behaviour. Almost all of the core-shell NPs fabrications are based on wet chemical methods [19] .
Bionanocomposites are nano-structured materials based on the combination of biopolymers and nanosized inorganic solids and have attracted increasing attention over the last few years [24] . The research for environmentally friendly and low-cost dye adsorbents has raised the attention to biopolymers obtained from renewable resources, such as polysaccharides [25] . The Kappaphycus alvarezii, an economically important red tropical seaweed, which is in great demand for its cell wall polysaccharides, is the most important source of kappa-carrageenan. It is easily accessible, in huge amounts, for food and pharmaceutical applications [26] . Carrageenan is a family of linear water-soluble sulfated polysaccharides carrageenan has been extensively used as a gelling agent in food and pharmaceutical industries [27] . The bio-route of synthesizing metal NPs is the best approach for their biological examination [28] [29] [30] [31] .
In this research, Cu@Cu 2 O-NPs with different percentages were of K. alvarezii, synthesized via a chemical method under stirring at 120°C temperature by using hydrazinium hydroxide as the reducing agent and ascorbic acid as antioxidant.
Experimental

Materials
All reagents in this work were used as received without further purification. The CuSO 4 Á5H 2 O (99 %) was used as the copper precursor and obtained from Hamburg Chemical, ascorbic acid (90.0 %) was obtained from Sigma-Aldrich while hydrazinium hydroxide and NaOH were obtained 99 % from Merck, and raw seaweed Kappaphycus alvarezii was obtained from Sabah, Malaysia. All solutions were freshly prepared using double-distilled water.
Preparation aqueous solution of K. alvarezii First, the seaweed was washed under running water to remove salt, dirt and foreign particles. It was then soaked overnight (24 h) in distilled water to bleach the yellowish colour from the seaweed, so that it became colourless. After that, the sample was rinsed and dried under sunlight for 3 days. Next, the dried seaweed was chopped into small pieces before being blended using a hammer mill with a 3-mmdiameter filter. Finally, the product was stored until further processing. The dried seaweed reduced the storage space required and can be stored for a number of years without appreciable loss of its gelling property.
Synthesis of K. alvearezii/Cu@Cu 2 O-NPs
For synthesis of K. alvarezii/Cu@Cu 2 O-NPs, 10 mL of CuSO 4 Á5H 2 O (0.05 M) was added to 40 mL solution of K. alvarezii containing (0.05, 0.1, 0.2, 0.5 and 1.0 wt%) to obtain a blue-coloured solution. With constant stirring at 120°C, 0.5 mL of ascorbic acid (0.05 M) was added. In the second step, 2.0 mL of NaOH (0.6 M) was added to the solution after further stirring for 20 min, until a light green solution was obtained. Finally, 0.5 mL of hydrazinium hydroxide was added and a dark brown coloration was obtained, indicating the formation of K. alvarezii/Cu@Cu 2 ONPs. The NPs were isolated by centrifugation at 14,000 rpm for 15 min and vacuum-drying overnight at 60°C. The pH of the NP solution was kept at 8.5.
Characterization methods and instruments
Powder X-ray diffraction (XRD) with Cu Ka radiation was used to measure the crystallinity of sample. The SPR of the sample was determined using a UV 1650 PC-Shimadzu B UV-visible spectrophometer (Shimadzu, Osaka, Japan). TEM observations were performed with a Hitachi (Tokyo, Japan) H-7100 electron microscope, and particle size distributions were determined by use of UTHSCSA Image Tool software, v.3.00. The SEM and EDX were performed with the XL 30 Philips instrument to study the morphology of K. alvarezii and K. alvarezii/ Cu@Cu 2 O-NPs. Moreover, the Fourier transform infrared (FT-IR) spectra were recorded over the range of 200-4,000 cm -1 using a Series 100 PerkinElmer FT-IR 1650 spectrophotometer. After the reactions, the sample was centrifuged using a high-speed centrifuge machine (Avanti J25; Beckman).
Results and discussion
The formation of Cu@Cu 2 O-NPs follows a series of colour changes, which is due to the chemical reactions taking place. The possible equations for preparing the Cu@Cu 2 O-NPs are:
The K. alvarezii solution is a colourless solution, while after the addition of Cu ions the colour turned to light blue, and after addition of ascorbic acid and NaOH it became light green [Eqs. (1-2)]. Finally, the Cu@Cu 2 O-NPs was formed with a brick-red colour turning quickly to dark brown [Eqs. (3) (4) ].
The schematic illustration of the synthesis of Cu@Cu 2 O-NPs core-shell capped with K. alvarezii is depicted in Fig. 1 .
As shown in Fig. 2 , with the increase in the concentration of seaweed the colour of the reaction turned from dark brown to dark brownish red until 0.2 wt% of K. alvarezii, but at high concentrations of seaweed the colour turned to dark brown again. This is due to different ratios of Cu@Cu 2 O; Fig. 2a -e illustrates the interaction between the charged Cu@Cu 2 O-NPs and K. alvarezii.
UV-visible spectroscopy
The formation of Cu@Cu 2 O-NPs in . alvarezii was further determined by using UV-Visible spectroscopy, which was shown by the surface plasmon resonance (SPR) bands. Previous studies have shown that the spherical Cu-NPs contribute to the absorption bands at around 500-600 nm [19, 32] and that the Cu 2 O-NPs show absorption in the range of 300-500 nm [33] . The UV-Vis analysis of samples in Fig. 3b-d indicates that there is an increasing trend in absorbance with the increase of the K. alvarezii concentration, but in Fig. 3e , f the absorbance reduced again. The Mie theory estimation indicates that the SPR peak is dampened by decreasing the size of the Cu-cores [23] . Generally, the SPR bands are influenced by the size, shape, morphology, composition and dielectric environment of the prepared NPs [34] . UV-Vis spectra corresponding to different concentrations of K. alvarezii show a clear blue shift of the surface plasmon resonance from Fig. 3b to d and a red shift When the concentration of K. alvarezii was increased, the intensity of the SPR peak also gradual increased up to 0.2 wt% but at high concentrations of K. alvarezii the intensity of the SPR peak decreased. This could be a consequence of the agglomeration of NPs in the high concentrations of K. alvarezii. Moreover the TEM results confirmed that the size of the NPs decreased from low to high concentrations of K. alvarezii and also the agglomeration of NPs observed in high concentrations of K. alvarezii.
X-ray diffractometer
The comparison between the powder XRD patterns of the K. alvarezii and K. alvarezii/Cu@Cu 2 O-NPs in the angle range of 2h (5°-90°) indicated the formation of the core-shell Cu@Cu 2 O nanostructures with different ratios of Cu and Cu 2 O (Fig. 4a-f) . The broad diffraction peak, which was centered at 20.55°, is attributed to K. alvarezii (Fig. 4a) . The peak values are located at 43.09°, 50.58°and 72.84°, which correspond to the Miller Indices (111) (200) and (220), respectively, and represent the face centered cubic (fcc) crystal structure of Cu-NPs. The peaks which correspond to Cu have a rising trend from Fig. 4b tod but suddenly, in Fig. 4e , f, the intensity of these three peaks reduced again. On the other hand, the diffraction angles observed at 29.69°, 36.49°, 42.32°, 60.57°, 73.84°and 77.47°are (Fig. 4b-e) . The ratios of Cu and Cu 2 O in prepared core-shell NPs with different concentrations of K. alvarezii (0.05, 0.1, 0.2, 0.5 and 1.0 wt%) are 68:32, 72:28, 75:25, 71:29, and 60:40 %, respectively, and these ratios were obtained by using X Pert High score plus software. They illustrate the different effects of K. alvarezii in various concentrations. It can be seen that increasing the K. alvarezii concentration led to the gradual increase of peak intensities which correspond to the Cu-NP up to Fig. 3d , and then to a gradual decrease of these peaks from Fig. 3e . A possible reason is that the ratio of Cu in NPs was reduced from the high concentrationd of K. alvarezii .
An estimate of crystallite size was made using Sherrer's equation and found for the optimum percentage of around less than 60 nm. The Sherrer's formula is presented in Eq. (5):
where K is the Scherrer constant with a value from 0.9 to 1 (shape factor), where k is the X-ray wavelength (1.5418 Å ), b1/2 is the width of the XRD peak at halfheight, and h is the Bragg angle. Fig. 5a-d) , respectively. These results confirmed that, with the increase in the concentration of K. alvarezii at a moderate temperature, mean diameters and standard deviations of the Cu@Cu 2 O-NPs gradually decrease. The distribution of Cu@Cu 2 O-NPs in the TEM images are in accordance with the UV-Vis spectral study. At a low percentage of stabiliser, the mean diameter of the NPs were found to be larger and while a high percentage of stabiliser appeared to have the lowest particle size. This corroborates the relevance of K. alvarezii in controlling the size of the NPs. Figure 6 shows the TEM image of multi-signal particles reveals a core-shell structure consisting of Cu-core and Cu 2 O shell. This image demonstrates clearly that the core of the particle is in spherical shape while the shell ha hexagonal structure. It is confirm the Cu-core and Cu 2 O shell in the structure of produced NPs.
Scanning electron microscopy
The morphology and structure of the K. alvarezii/Cu@Cu 2 O-NPs were further investigated by field emission scanning electron microscopy (FESEM). The FESEM images for the K. alvarezii/Cu@Cu 2 O-NPs are shown in Fig. 7 . The images obtained for the various concentrations of the stabilized crystals indicate that the Cu-NPs were embedded within the matrix of the polymer. The particles have the various size and distribution patterns according to the K. alvarezii concentrations. Figure 7a , b shows that the lower concentrations indicate larger sizes of NPs with lower agglomeration. However, the NPs synthesized at the highest K. alvarezii concentration had relatively smaller sizes and the highest agglomeration. These findings accentuate the important role of the polymer as a stabilizer [36, 37] .
Energy-dispersive X-ray spectroscopy Figure 8 shows the EDXRF spectrum of K. alvarezii/Cu@Cu 2 O-NPs. In Fig. 8a-d , peaks at approximately 0.98, 8.11, and 8.85 keV are related to elements in the Cu@Cu 2 O and K. alvarezii-NPs [16] . As the concentration of K. alvarezii increases, the height of the Cu peaks increases up to 0.2 wt% of K. alvarezii, but at higher concentrations of stabilizer the height of the Cu peaks decrease again. This result indicates that the NPs with the 0.2 wt% concentration have the highest ratio of Cu and confirms the XRD results. (Fig. 9a) , the absorption peaks at 3,366 cm -1 and 2,919 cm -1 are ascribed to stretching vibrations of -OH and C-H groups, respectively [38] . The absorption band at 1,638 is attributed to the polymer-bound water. The peak at 1,410 cm -1 corresponds to the sulfate stretching. The peak at 1,361 cm -1 is assigned to the methylene group bending. The absorption band at 1,213 cm -1 originates from O=S=O asymmetric stretching. The two peaks at 1,146, 1,122 cm -1 are attributed to S=O and C-O-C asymmetric stretching, respectively. The intense band at 1,020 cm -1 represents [39, 40] . The intensity and wavelength of peaks at different weight concentrations of K. alvarezii (0.05-0.2 wt%) follow an overall decrease, but with increasing concentration of K. alvarezii to 1.0 wt%, the peaks' intensities and wavelengths increase again. Thus, the optimum weight concentration of K. alvarezii is 2.0 wt% which was confirmed by the XRD and TEM results. Moreover, the FT-IR results confirm that the Cu@Cu 2 O-NPs surface is capped by internal lone-pair oxygen atoms, and some hydroxyl and sulfate groups of K. alvarezii.
Conclusions
K. alvarezii/Cu@Cu 2 O-NPs has been successfully synthesized via a chemical method at different concentrations of K. alvarezii under 120°C temperature and stirring. The XRD and TEM results show that the amount of K. alvarezii has a substantial effect on the size, dispersal properties, and ratio of Cu contained in the NPs. The ratio of Cu-NPs increases with increasing the concentration of K. alvarezii up to 0.2 wt%, but at high concentrations of K. alvarezii the ratio of Cu decreases again. Also, with increasing the amount of stabilizer from low to high, the particle sizes decreased. This is an inexpensive and facile method for the formation of K. alvarezii/Cu@Cu 2 O-NPs.
